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DETOXiFiCATtON OF ONIUM COMPOUNDS 

Field of the Invention 

[0001] The invention relates to methaJs and compositions for detoxifying aqueous 
solutions of onium compounds, and, in one aspect, more particularly relates to 
methods and compositions for detoxifying aqueous solutions of onium compounds 
vi/here the treated onium compounds partition into a non-aqueous phase. 

Background of the Invention 

[0002] It is well known that onium compcHinds, partioilarly quaternary ammonium 
compounds such as quaternary ammonium salts, have found widespread use in a 
number of applications including, but not necessarily limited to, disinfectants, 
cleansers and sterilizers, cosmetics (deodorants, dandruff removers, emulsion 
stabilizers), fungicides, mildew preventatives, antistatic additives, biocldes, gas 
hydrate inhibitors, to increase the affinity of dyes for photographic film, to improve 
dispersibility in the coatings of pigment particles, to increase adhesion of road 
dressings and paints, etc. Because onium compounds function as biocides whether 
or not this is their originally intended purpose, the residual onium compounds when 
discharged into waste water streams after use will interfere in the biological 
treatment processes by inhibiting the growth of blomass. Additionally, in situations 
such as discharging used water directly into the environment, such as into 
seawater, the discharge of water containing onium compounds may be restricted 
due to regulations pertaining to the toxicity of such water to marine organisms. 

[0003] U.S. Pat. No. 4,204,954 concerns the detoxification of residues of 
quaternary ammonium salt biocides in water using neutralizing amounts of certain 
anionic monomers. 

[0004] There remains a need for new compositions for detoxifying aqueous 
solutions containing onium compounds prior to discharge or wastewater treatment 
with blomass. 
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Summary of the Invention 
[0005] AcxxMTdingly, it is an object of the present invention to provide compoations 
of matter that will reduce the toxicity of aqueous solutions containing onium 
compounds. 

5 [0006] It is another object of the present invention to provide a method for 

r^ucing the toxicity of aqueous solutions containing onium a}mpounds that can be 
readily implemented. 

[0007] It is yet another objed of the invention to provide methods and composi- 
tions for detoxifying aqueous solutions containing onium compounds that do not 
^ 10 form solids and do not foul conduits and processes downstream of the area where 

ci the effective anionic polymers are added. 

J [0008] In canning out these and other objects of the invention, there is provided, 
M in one form, a method of reducing the toxicity of at least one onium compound In an 

aqueous solution that involves adding to the aqueous solution an additive in an 
1 5 amount sufficient to reduce the to)dcity of the onium compound. The treated onium 
compound partitions into a non-aqueous phase. The method also involves 
y removing the non-aqueous phase from the aqueous solution. The additive may be 

O a compound including one or more aromatic carboxylic acids, sulfonic acids, 

^ organophosphonic acids, phenolic compounds, ether sulfates, phosphoric acid 

20 esters, sulfonated fatty acids, sulfated fatty acids, oligocarboxylic acids, and 

mixtures thereof. Alkali metal salts of these compounds and amine salts of these 
compounds are also acceptable additives. A separate non-aqueous pha^ may be 
added to the aqueous solution either before, during or after the additive is 
introduced to tecilitate separation of the treated onium compound firom the aqueous 
25 solution. 

Detailed Description of the invention 
[0009] It has been discovered that onium compounds and the additives of this 
invention interact or form complexes or ion pair that reduces the toxicity of the 
30 aqueous solution where the onium compounds are present. The invention relates to 
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methods and compositions for inhibiting, reducing, retarding, mitigating, controlling 
and minimizing the toxicity of aqueous solutions or othenwise pure water containing 
onium compounds. While it may be possible for the methods and compositions of 
this invention to completely remove, eliminate, eradicate and/or abolish any toxic 

5 effects of the onium compounds in the aqueous solutions or water, it will be 

appreciated that any reduction, reterdation, mitigation, control, and minimization of 
any toxic effect of the solutions or water using the compositions and methods of 
this invention is considered a successful accomplishment or achievement of the 
intended goals and purposes of the invention. Further, the invention is not limited to 

1 0 any particular mechanism or ^planation as to why the particular additive work to 
separate the onium compounds from aqueous solutions, even though In one non- 
limiting embodiment there is some thought that the additives complex or form pairs 
with the onium compounds. The net result is to reduce the concentration of the 
onium compound in the aqueous solution upon disdiarge to the environment and 



^ 15 thus reduce the toxicity of the aqueous stream. 

[0010] It will further be appreciated that the term "aqueous solutions" refer to any 



aqueous solution and includes, but is not limited to, solutions where the only other 
compound besides the onium compound is pure water. "Aqueous solutions" 
include, but are not necessarily limited to brines, water-in-oil emulsions, oit-in-water 
20 emulsions, suspensions, and other combinations of hydrocarbons and water, and 
include mixtures where gas may be present. 

£001 1] The methods and compositions of this invention are not necessarily limited 
to the particular nature of the aqueous solutions or water treated, but may be 
applied to any aqueous solutions or water containing onium compounds, including 
25 but not necessarily limited to, aqueous solutions obtained from oil and gas 
production, for example those treated with onium compounds to inhibit gas 
hydrates from forming, aqueous solutions containing onium compounds as 
biocides, aqueous solutions containing onium compounds used as fungicides, 
aqueous solutions containing onium compounds used as disinfectants, cleansers 
30 and sterilizers and the like, etc. 
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[0012] The method of the present invention involves contacting a suitable 
aqueous solution a)ntatning at least one onium compound with an effective amount 
of an inventive additive to reduce the toxicity of the aqueous solution, where the 
aqueous solution containing at least one onium compound under the same 
5 conditions exhibits some toxic effects to at least one species. 

[0013] The contacting may be achieved by a number ways, including mixing, 
blending with mechanical mixing equipment or devices, stationary mixing setup or 
equipment, magnetic mixing or other suitable methods, other equipment and means 
known to one skilled in the art and combinations thereof to provide adequate 
10 contact and/or dispersion of the composition in the mixture. The contacting can be 
made in-line or offline or both. The contacting may be accomplished simply by 
injecting the anionic polymer into the aqueous solution. There are no temperature 
or pressure conditions or restrictions upon the contacting. The aqueous solution 
may have a non-aqueous phase mixed therewith such as an oil-in-water or water- 
15 in-oil emulsion that may be partially or substantially resolved or not resolved at all. 
As noted, a non-aqueous phase may be added to the aqueous solution before, 
during or after the additive is introduced to facilitate the remove of the treated 
□ onium species in the non-aqueous phase. Fomnulating the onium compound and 

the anionic additive together allows quat hydrate inhibitor (e.g.) and the anionic 
20 detoxification agent to be applied to a system (e.g. producing oil and/or gas) as a 
single package and does not require separate injection points. Such mixing of the 
separate non-aqueous phase may be accx)mplished by any of the contacting 
techniques described above. However, in another embodiment of the invention, it 
may be preferred to use several, separate injection points. 
25 [0014] Suitable onium compounds for use in the composition for the present 
invention are defined to have a general structure of the following formula having a 
cation with a center atom X and an anion Y": 
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wherein R' and R' each are independently selected from normal or branched 
alkyls containing a chain of at least 4 carbon atoms, with or without 
one or more substituents, or one or more heteroatoms; 
R^ is an organic moiety containing a chain of at least 4 carbon atoms, 
5 with or without one or more substituents, or one or more heteroatoms; 

X is S, N— R* or P— R*; 

R*, if present, is selected from H or an alkyi, aryl, alkylaryl, alkenylaryl or 
alkenyl group, preferably those having from about 1 to about 20 
carbon atoms, with or without one or more substituents, or one or 
10 more heteroatoms; and 

Y"is selected from the group consisting of hydroxide ion (OH"), halide 
ions such as Br' and Cr, carboxylate ions, such as benzoate 
(CeHsCOO"), sulfate Ion (8041, organic sulfonate ions, such as 4- 
toluene sulfonate and CH3SO3", and the like and mixtures thereof. 
1 5 [0015] Ammonium and phosphonium compounds of the above fomnula may also 
be bound through R* to become pendant groups of a number of oxygen-containing 
polymers. Suitable oxygen-containing polymers include, but are not limited to 
polyacrylic acid, polymethacrylic acid, copolymers of acrylic and methacryllc acids, 
and polymers or co-polymers of poly-N-vinyl-2-pyrrolidone. 
20 [0016] AlkyI ammonium and alkyI phosphonium compounds are prefenred onium 
compounds for the composition of the present invention when R* is H or any alkyl 
or alkenyl group. In these preferred onium compounds, R^ can be optionally 
selected from the group consisting of -(CH2CHR^-0-)nH and -(CHaCHaNH^mH, 
wherein R^ is H or methyl; n is an integer from about 5 to about 50; and m is an 
25 integer from 1 to about 5. Ammonium and phosphonium compounds are quaternary 
onium compounds. 

[0017] Examples of prefemed cation moiety for the onium compounds include, but 
are not limited to, tetrapentylammonium, tripentylbutylammonium, 
triisopentylbutylammonium, tripentyldecylammonium, triisopentylammonium, 
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tributylodadecylammonium. tetrabutylphosphonium, tributyl(9-octadecenyl) 
phosphonium ions and mixti^es thereof. 

[0018] In accordance with fonnula A, examples of onium compounds include, but 
are not limited to, tributyidecyiammonium, tributyiundecylammonium, tributyldo- 
5 decytammonium, tributyltridecylammonium, tributyltetradecylammonium, tributyl- 
pentadecylammonium, tributylhe)^decylammonium, tributylheptadecylammonium, 
tributyloctadecylammonium, tributylnonadecylammonium, tripentyldecylammonium, 
tripentylundec^Iammonium, tripentyldcxiecylammonium, tripentyltridecylammonium, 
tripentyltetradecytammonium, tripentylpentadecylammonium, tripentylhexadecylam- 
10 monlum, tripentylheptadecylammonium, tripentyloctadecylammonium, tripentyl- 
nonadecylammonium, propyldibutyldecylammonium, propyldibutylundecylammo- 
nium, propyldibutyldodecylammonium, propyldibutyltridecylammonium, propyldi- 
ry butyltetradecylammonium, propyldibutylpentadecylammonium, propyldibutylhexa- 

decylammonium, propyldibutyllieptadecylammonium, propyldibutyloctadecylammo- 
15 nium, propyldibutyinonadec^lammonium, allyidibutyldecylammonium, allyldibutylun- 
decylammonium, allyldibutyldodecylammonium, allyldibutyltridecylammonium, 
aliyldibutyltetradecylammontum, ailyidibutylpentadecylammonium, allyldibutyhexa- 
H decylammonium, allyldibutyl-heptadecylammonium, allyldibutyloctadecylammonlum, 

allyldibutylnonadecylammonium, methatlyldibutyldecylammonium, methallytdibutyl- 



^ 20 undecylammonium, methallyldibutyldodec^lammonium, methallyldibutyltridecyl- 
ammonium, methallyldibutyitetradecylammonium, methallyldibutylpentadecylam- 
monium, methallyldibutylhexadec^lammonium, methaliyldibutylheptadecylammo- 
nium, methallyldibutyloctadecylammonium, methallyldibutylnonadecylammonium, 
dibutyididecylammonium, dibutyldiundecylammonium, dibutyldidod^yiammonium, 

25 dibutylditridecylammonium, dibutylditetradecylammonium, dibutyldipentadecylam- 
monium, dibutyldih^adecylammonium, dibutyldiheptadecylammonium, dibutyldi- 
octadecylammonium and dibutyldinonadecylammonium salts, and mixtures thereof. 
[0019] Additional prefen-ed "onium" compounds include the phosphonium 
compounds corresponding to above ammonium compounds. These 'onium" 

30 compounds include^ but are not limited to tributyldecylphosphonium, tributylun- 
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decylphosphonium. tributyldodecytphosphonium, tributyltridecylphosphonium, 
tributyltetradecylphosphonlum, tributylpentadecylphosphonlum, tributylhexadecyl- 
phosphonium, tributylheptadecylphosphonium, tributyloctaydecylphosphonlum, 
tributyinonadecylphosphonium, tripentyldecytphosphonium, tripentylundecylphos- 
5 phonium, tripentyldodecylphosphonium, tripentyltridecylphosphonium, tripentyl- 
tetradecylphosphonium, tripentylpentadeq/lphosphonlum, tripentylhexada;yl- 
phosphonium, tripentylheptadecylphosphonium, tripentyloctadecylphosphonium, 
tripentylnonadecylphosphonium, propyldibutytdecylphosphonium, propyidibutyi- 
undecylphosphonium, propyldibutyldodecylphosphonium, propyldibutyltridecylphos- 
10 phonium, propyldibutyltetradecylphosphonium, propyldibutylpentadecylphosphoni- 
um, propyldibutylhexadecylphosphonium, propyldibutylheptadecylphosphonium, 
propyidibutyloctadecylphosphonium, propyldibutylnonadecyiphosphonium, altyldi- 
butytdecylphosphonium, atlyldlbutylundecylphosphonium, alfyldibutyfdodecylphos- 
phonium. allyldibutyltridecylphosphonium, allyldibutyltetradecylphosphonium, 
15 ailyldtbutyipentadecylphosphonium, allyldibutyhexadecylphosphonium, aliyldibutyl- 
^ heptadecylphosphonium, allyldibutyloctadecylphosphonium, allyldibutylnonadecyl- 

pho^honium, methailyldibutyldecytphosphonium, methailyidibutylundecyiphospho- 
nium , methallyldlbutyldodecylphosphonium, methallyldibutyltridecylphosphonium, 
methallyldibutyltetradecylphosphonium, methallyldibutylpentadecylphosphonium, 
20 methallyldibutylhe)®decylphosphonium, methallyldibutylheptadecylphosphonium, 
methallyldibutyloctadecylphosphonium, methallyldibutylnonadecylphosphonium, 
dibutyldidecyiphosphonium, dibufyldiundecylphosphonium, dibutytdidodecylphos- 
phonium, dibutylditridecyiphosphonium, dibutylditetradecylphosphonium, dibutyl- 
dipentadecylphosphonium, dibutyldihexadecylphosphonium, dibutyldiheptadecyl- 
25 phosphonium, dibutyldioctadecylphosphonlum and dibutyldinonadecylphosphonium 
salts and mixtures thereof. 

[0020] Also prefen^d for the present invention are onium compounds wherein 
zero to five of the CH2 groups in the longest chains of the onium compound are 
replaced with one or more of the following groups CHCH3, CHOH, 0, C=0. Thus 
30 the onium compound may contain methyl groups, hydroxyl groups, ether groups or 
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linkages, ester groups or linkages, and/or ketone groups. One advantage of such 
materials is that oxygen atoms in the diains, when present, can improve the 
biodegradability of the onium compounds. Also, two adjacent CH2 groups in the 
longest chains of the onium compound may be replaced with a CH=CH group sudn 
that the onium compound may contain one or more carbon to carbon double bonds. 
The "onium" compounds are named after the parent hydrocarbon and the 
replacement group(s) in the longest chain are then stated. Thus 

CH3CH2CH2CH2CH2CH2CH20CH2CH2CH2CH2N{CH2CH2CH2CH3)3 

is referred to as tributyldodecylammonium where C5 is replaced with 0. 

[0021] Examples of onium compounds where CH2 groups in the longest chains 
are replaced with CHCH3, CHOH, O, C=0, or CH=CH groups include but are not 
limited to: 

[0022] tributyldecylammonium, tributylundecylammonium, tributyldodecylammo- 
nium, tributyltridecylammonium, tributyltetradecylammonlum, tributylpenta- 
decylammonium, tributylhexadecylammonium, tributylheptadecylammonium, 
tributyloctadec^lammonium, tributylnonadecylammonium, tripentyldecyl- 
ammonium, tripentylundecylammonium, tripentyldodecylammonium, tripen- 
tyltridecylammonlum, tripentyltetradecylammonium, tripentylpentadecylam- 
monium, tripentylhexadecyiammonlum, tripentylheptadecylammonlum, 
tripentyioctadecylammonium, tripentylnonadecylammonium, propyldibutyl- 
decylammonium, propyldibutylundecylammonium, propyldibutyldode<ylam- 
monium, propyldibutyltridecylammonium, propyldibutyltetradecylammonium, 
propyldibutylpentadecylammonium. propyldlbutylhexadecylammonium, pro- 
pyldibutyiheptadecylammonium, propyldibutyloctadecylammonium, propyldi- 
butylnonadecylammonium, allyldibutyldecylammonium, allyldibutylundecyl- 
ammonium, allyldibutyldodecylammonlum, allyldibutyl-tridecylammonium, 
allyldibutyltetradecylammonium, allyldibutylpentadecylammonium, allyldi- 
butylhexadecylammonium, allyidibutylheptadecyiammonlum, allyldibutylocta* 
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decylammonium, ailyidibutylnonadecylammonium, methaliyidibutyidecylam- 
monium, methallyldibutyiundecylammonium, methallyldibutyldodecylammoni- 
um, methallyidibutyltrid^ylammonium, methallyidibutyttetradecylammonium, 
methailytdibutyipentadecylammonium, methallyldibutylhexadecylammonium, 
methallyldlbutylheptadecylammonium, methallyldibutyloctadecylammonium, 
methallyldibutylnonadecylammonium, dibutyldidecylammonium, dibutyldiun- 
decylammonium, dibutyldidodecylammonium, dibutylditridecylammonium, 
dibutyiditetrad^yiammonium, dibutyldipentadec^lammonium, dibutyldihexa- 
decylammonium, dibutyldiheptadecylammonium, dibutyldioctadecylammo- 
nium and dibutyldinonad^ylammontum salts where C2 is replace with 
CHOH and C4 is replaced with O; 

tributyldecylammonium, tributyiundecylammonium, tributyldodecylammo- 
nium, tributyltridecylammonium, tributyltetradecylammonium, tributylpente- 
decylammonium, tributylhexadecylammonium, tributylheptadecylammonium, 
tributyloctadecylammonium, tributylnonadecylammonium, tripentyldecyl- 
ammonium, tripentylundecylammonium, tripentyldodecylammonium, tripen- 
tyltridecylamn^onium. tripentyltetradecylammonium, tripentylpentadecylam- 
monium, tripentylhexadecylammonium, tripentylheptadecylammonium, 
tripentyloctadecylammonium, tripentylnonadecylammonium, propytdibutyi- 
decyiammonium, propyldibutylundecylammonium, propyldibutyldodecylam- 
monium, propyldibutyltridecylammonium, propyldibutyltetradecylammonium, 
propyldibutylpentadecylammonium, propyldibutylhexadecytamnnonium, pro- 
pyldibutylheptadecylammonium, propyldibutyloctadecylammonium, propyldi- 
butylnonadecyiammonium, allyldibutyldecylammonium, allyldibutyiundecyl- 
ammonium, allyldibutyldodecylammonium, allyldibutyltridecylammonium, 
ailyldibutyitetradecylammonium, allyldibutylpentadecytammonium, allyldi- 
butylhexadecyiammonium, allyldibutylheptadecylammonium, allyldibutylocta- 
decylammonium, ailyidibutylnonadecylammonium, methallyldibutyldecylam- 
monium, methallyidibutylundecylammonium, methallyidibutyldodecyiammoni- 
um, methallyldibutyltridecylammonium, methallyldibutyltetrad^ylammonium, 
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methailyldibutylpentadecylammonium, methailyldibutylhexadecylammonium, 
methallyldlbutylheptadecylammonium, methallyldibutyl(xtadecylammonium, 
methallyldibutylnonadecylammonium, dibutyldidecylammonium, dibutyldiun- 
decylammonium, dibutyldidodecylammonium, dibutylditridecylammonium, 
dibutylditetradecylammonlum, dibutyldipentadecylammonium, dibutyldihexa- 
decylammonium, dibutyldiheptadecyiammonium, dibutyldioctadecyiammo- 
nium and dibutyldinonadecylammonium salts where C2 is replaced with 
CHCH3, C3 is replaced with O and C4 is replaced with C=0; 

tributyldecylammonium. tributylundecylammonium, tributyldodecylammo- 
nium, tributyitridecyiammonium, tributyitetradecylammonium, tributyipenta- 
decylammonium, trlbutylhexadecylammonium, tributylheptadecylammonium, 
tributyloctadecylammonium, tributylnonadec^lammonium, tripentyldecyi- 
ammonium, tripentylundecylammonium, tripentyidodecylammonium, trlpen- 
tyltridecylammonium, tripentyltetradecylammonium, tripentylpentadecyiam- 
monium, tripentylhexadecylammonium, tripentylheptadecyiammonium, 
tripentyloctadecylammonium, tripentylnonadecylammonium, propytdibutyl- 
decylammonium, propyldibutylundecylammonium, propyldibutyldodecyl- 
ammonium, propyldibutyltridecylammonlum, propyldibutyltetradecylammonl- 
um, propyldibutylpentadecylammonium, propyldibutylhexadecylammonium, 
propyldibutylheptadecylammonium, propyldibutyioctadecylammonium, pro- 
pyldibutylnonadecylammonium, allyldibutyldecylammonium, allyldibutylun- 
dec^lammoniunf), allyidibutyldodec^lammonium, ailyldibutyl-tridecylammo- 
nium, allyldibutyltetradecylammonium, ailyldibutylpentadecylammonium, 
allyldibutyhexadecyiammonium, allyldibutylheptadecylammonium, allyldibutyl- 
octadecylammonium, allyldibutylnonadecylammonium, methallyldibutyldecyl- 
ammonium, methatlyldibutylundecylammonium, methallyldibutyldodecylam- 
monium, methallyldibutyltridecylamfnonium, methallyldibutyltetradecylammo- 
nium, methallyldibutyipentadecylammonium, methallyidibutyihexadecylam- 
monium, methaiiyldibutyiheptadecylammonium, methallyldibutyioctadecyl- 
ammonium, methallyldibutylnonadecylammonium, dibutyldidecylannmonium, 
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dibutyldiundecylammonium, dibutyldidodecylammonium, dibutylditridecylam- 
monium, dibutyWitetradecylammonium, dibutyidipentadecylammonium, 
dibutyldihexadecylammonium, dibutyldiheptadecylammonium, dibutyldiocta- 
decylammonium and dibutyidinonadecylammonium salts where C3 is 
replaced with 0 and C4 is replaced with C=0; 

tributyldecyJammonium, tributylundecylammonium, trlbutyldodecylammoni- 
um, tributyltridecylammonium, tributyltetradecylammonium, tributylpenta- 
decylammonlum, tributylhexadecylammonlum, tributylheptadecylammonlum, 
tributylcxjtadecylammonium, tributytnonadecylammonium, tripentyldecyl- 
ammonium, trij^ntylundecylammonium, trlpentytdod«jylammoniiim, tripen- 
tyltridecylammonium, tripentyltetradecylammonium, tripentyipentadecylam- 
monium, tripentylhexadecylammonium, tripentylheptadecylammonium, 
tripentyloctadecylammonium, trlpentylnonadecylammonium, propyldibutyl- 
decylammonlum, propyldibutylundecylammonium, propyldibutyldodecylam- 
monium, propyldlbutyltridecylammonium, propyldlbutyltetradecylammonium, 
propyldibutylpentadecyiammonium, propyldibutylhexadecylammonium, 
propyldibutylheptadecylammonium, propyldlbutyloctadecylammonium, 
propyldibutylnonadecylammonium, allyldibutyldecylammonium, allyldibutylun- 
decylammonium, allyldlbutyldodecylammonium, allyldibutyltridecyfammoni- 
um, aliyldibutyltetradecylammonium, allyidibutylpentade(^lammonium, allyl- 
dibutyhexadecylammonium, allyldibutylheptadecylammonium, allyldibutyl- 
octadecylammonium, allyldibutylnonadecylammonium, methallyldibutyldecyl- 
ammonium, methallyldibutylundecylammonium, methaliyldibutyldodecyiam- 
monium, methallyldibutyltridecyiammonium, methallyldibutyttetradecylammo- 
nlum, methatlyldibutylpentadecylammonium, methallyldibutythexadetylam- 
monlum, methallyldibutylheptadecylammonium, methallyldibutyloctadecyl- 
ammonium, methallyldibutylnonadecylammonium, dibutyldidecyiammonium, 
dibutyldiundecylammonium, dibutyldidodecylammonium, dibutylditridec^l- 
ammonlum, dibutylditetradecylammonium, dibutyidipentadecylammonium, 
dibutyldihexadecylammonium, dibutyldtheptedecylammonium, dibutyldicxjta- 
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decylammonium and dibutyldinonadecylammonium salts where C3 is 
replaced with O; 

tributyldecyiammonium, tributylundecylammonium, tributyldodecylammo- 
nium, tributyltridecyiammonium, tributyltetradecylammonium, tributylpenta- 
decylammonium, tributylhexadecylammonium, tributylheptadecylammonium, 
tributyloctadecylammonlum, trlbutylnonadecylammonium, tripentyldecyl- 
ammonium, tripentylundecylammonium, tripentyldodec^lammonium, tripen- 
tyltridecylammonium, tripentyltetradecytammonium, tripentylpentadecylam- 
monium, tripentylhexadecylammonium, tripentylheptadecylammonium, tri- 
pentyloctadecylammonlum, tripentylnonadecylammonlum, propyldibutyld^yl- 
ammonium, propyldibutylundecylammonium, propyldibutyldodecylammoni- 
um, propyldibutyltridecytammonium, propyldibutyltetradecylammonium, 
propyldibutylpentadecylammonlum, propyldibutylhexadecylammonium, pro- 
pyldibutylheptadecylammonium, propyidibutyloctadecylammonium, propyldi- 
butylnonad^ylammonium, ailyldibutyldec^iammonium, ailyldibutyiundecyl- 
ammonium, allyldibutyldodecylammonium, allyldibutyltridecylammonium, 
aliyldibutyltetradecylammonium, allyldibutylpentadecylammonium, aliyldibuty- 
hexadecylammonium, allyldtbutylheptadecylammonium, allyldibutyloctadecyt- 
ammonium, allyldibutylnonadecylammonium, methallyldibutyldecylammoni- 
um, methallyldibutylundecylammonium, methallyldlbutyldodecylammonlum, 
methallyldibutyltridecylammonium, methallyldibutyltetradecylammonium, 
methallyldlbutylpentadecylammonlum, metha!lyldibutylhe)®decylammonium, 
methallyldibutylheptadecylammonium, methallyldibutyloctadecylammonium, 
methallytdibutylnonadecylammonium, dibutyldidecylammonium, dibutyldiun- 
decylammonium, dibutyldidodecylammonium, dibutylditridecylammonium, 
dibutylditetrad^lammonium, dibutyldipentadecylammonium, dibutyldihexa- 
decylammonium, dibutyldiheptadecylammonium, dibutyldioctadecylammo- 
nium and dibutyldinonadecylammonium salts where C3 is replaced with O 
and C5 is replaced with CHOH; and 
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[0027] tributyldecylammonium, tributylundecylammonium, tributyldodecylammonl- 
um, tributyltridecylammonlum, tributyltetradecylammonium, tributylpenta- 
decylammonium, tributylhexadecylammonium, tributylheptadecylammonium, 
tributyloctadecylammonium, tributylnonadecylammonium, tripentyldecyl- 
ammonium, tripentylundecyiammonium, tripentyldodecylammonium, trlpen- 
tyltridecylammonlum, tripentyltetradecylammonium, tripentylpentadecylam- 
monium, tripentylhexadecylammonium, tripentylheptadecylammonium, 
tripentyloctadecylammonium, tripentylnonadecylammonium, propyldlbutyl- 
decylammonium, propyldibutylundecylammonium, propyldibutyldodecylam- 
monlum, propyldibutyltrldecylammonium, propyldibutyltetradecylammonium, 
propyldibutylpentadecylammonium, propyldibutylhexadecylammonium, 
propyldibutylheptadecylammonium, propyldibutyloctadecylammonium, pro- 
pyldibutylnonadecylammonium, altyldibutyldecylammonlum, allyldibutylun- 
decylammonium, allyldibutyldodecylammonium, ailyldibutyltridecylammoni- 
um, allyldibutyltetradecylammonium, allyldibutylpentadecylammonium, 
allyldibutyhexadecylammonium, allyldibutylheptadecylammonium, allyldibutyl- 
octadecyfammonium, allyldibutylnonadeq/Iammonium, methallyldibutyldecyl- 
ammontum, methallyldibutylundecylammonium, methallyldibutyldodecylam- 
monium, methallyldibutyltridecylammonium, methallyldibutyltetradecylammo- 
nium, methallyldibutylpentadecylammonium, methallyldlbutylhexadecylam- 
monium, methallyldibutylheptadecylammonium, methaliyldibutyloctadecyl- 
ammonium, methallyldibutylnonad^ylammonium, dibutyldldecylammonium, 
dibutyldiundec^lammonium, dibutyldidodecylammonium, dibutylditridecyl- 
ammonium, dibutyldltetradecylammonium, dibutyldlpentadecylammonium, 
dibutytdihexadecylammonium, dibutyidiheptadecylammonium, dibutyldiocta- 
dec^ammonlum and dibutyldinonadet^lammonium salts where C9 and C10 
are replaced with CH=CH. 
[0028] Also suitable are phosphonium compounds con-esponding to these 
ammonium compounds. Finally, mixtures of such onium compounds are suitable or 
in many cases preferr^ for use with the present invention. A number of other 
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examples have been disdosed and described in US Patent Nos. 5,460,728 and 
5,648,575 and such compounds can also be used with the present inventbn. 
[0029] Additives suitable for reducing the toxicity of the onium compounds 
Include, but are not necessarily limited to, aromatic carboxyllc acids, sulfonic adds, 
5 organophosphonic acids, phenolic compounds, ether sulfates, phosphoric acid 
esters, sulfonated fatty acids, sulfiated fatty adds, oligocarboxylic adds, and 
mixtures thereof, and alkali metal salts of these compounds and amine salts of 
these compounds. Particulariy prefenred additives are aromatic carboxylic adds, 
sulfonic acids, mixtures thereof and alkali metal and/or amine salts thereof. As non- 
1 0 limiting examples, ajdium and potassium salts of these various compounds are 
O suitable additives, as are amine salts thereof, e.g. monoethanolamine (MEA) salts. 

In one non-limiting embodiment of the invention, the carbon number of the additive 
ranges fi-om about 1 to about 50 , preferably from about 1 to about 25. 
[0030] Examples of particular carix^xyiic adds include, but are not necessarily 
15 limited to, naphthenic add, oleic add, stearic add, lauric add, octanoic acid, 
III benzoic acid, and mixtures thereof. 

^ [0031] Examples of particular sulfonic adds include, but are not necessarily 
O limited to, p-toluenesulfonic acid (p-TSA), dodecylbenzenesulfonic acid (DDBSA), 

benzene sulfonic add, naphthalene sulfonic acid, and mixtures thereof. 
20 [0032] Examples of particular organophosphonic adds include those of the 

formula RPO3H, ejamples of particular ether sulfetes include those of the formula 
ROSO3H, and examples of particular phosphoric acid esters indude those of the 
formula ROPO3H, where R is a straight or branched alkyi group containing 1 to 50 
cartx)n atoms, preferably 5 to 25 carbon atoms, and mixtures thereof, although it 
25 will be appreciated that the invention is not necessarily limited to these compounds. 
[0033] Examples of particular phenolic compounds indude tho^ of the fomnula 
ArOH where Ar represents one or more aromatic rings unsubstituted or substituted 
with groups of the definition R given above. Specific examples of particular 
compounds in this group indude, but are not necessarily limited to, nonylphenol, 
30 butylphenol, octylphenol, dodecylphenol, and mixtures thereof. 
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[0034] Examples of particular sulfonated or sulfated fatty acids include, but are 
not necessarily limited to, sulfonated or sutfat^ oleic add, sulfonated or sulfate 
linoleic acid, and mixtures thereof. 

[0035] Examples of particular oligocarboxylic acids include, but are not 
5 necessarily limited to, homooligomers or cooligomers of acrylic add, methacrylic 
add, maleic add, fumaric add, etc., where the homopolymers of carboxylic acids 
have very low molecular weight (Mn ranges from about 100 to 200), copolymers of 
these carboxylic adds with nonionic comonomers sudi as vinylpyrrolidone, styrene, 
and/or alpha-olefins, where the copolymers range in molecular weight (Mn) from 
1 0 about 200 to about 1 00,000, and mixtures thereof. 
1=^' [0036] The reaction products, complexes, or ion pairs of the onium compound 

with the additives of this invention should be soluble in a non-aqueous phase, 
whether already present in the aqueous solution, or created by introducing the 
additive into the aqueous solution. The additives may be added to the onium 
1 5 compound either downhole or on the surface (or top side for offshore hydrocarbon 
recovery) to effect detoxification. No solids (such as clays or lignosulfbnates) are 
employed in the inventive method, which simplifies handling and mixing. In one 
non-limiting embodiment of the invention, the presence of cmde oil or condensate 
as an organic liquid phase is prefenred since it facilitates partitioning of the 
20 quaternary ammonium compound or other onium compound out of the aqueous 
phase and into the organic phase. 

[0037] It will be appredated that it is difficult to accurately predict in advance the 
necessary amounts of additive necessary to effectively reduce the toxicity of the 
onium compounds. Indeed, in one non-limiting embodiment of the inv^tion, any 
25 reduction in toxicity will be understood as successful practice of the invention. 
There are a number of complex, intenrelated factors that will affect tiie desired 
proportion of additive used in any given situation including, but not necessarily 
limited to, the nature and projxjrtion of the onium compound, the nature and 
proportion of the hydrocarbon in the system being treated, the temperature of the 
30 system being ti-eated, the particular additive being considered, etc. Nevertheless, to 
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give some indication of tlie expected effective proportions of the additive, in one 
non-limiting embodiment, the proportion of additive may range from about 10:1 to 
about 1:10 in weight ratio with the onium compound, preferably in a weight ratio of 
from about 1 :1 to about 1:6. 

[0038] The invention will be further illustrated with reference to actual examples 
that are not intended to limit the invention, but rather to more completely describe it. 

EXAMPLES 1-4 

[0039] A brine solution comprising 97.50 g of water and 2.50 g of sodium chloride 
was dosed with 1 .52 g of a methanolic solution of a quat (solution contains 33% 
methanol and 67% RE 4136 quatemary ammonium compound available from 
Baker Petrolite). A 90 ml sample of the water, sodium chloride, quat solution was 
shaken by hand for 1 minute with 10 ml of heptane. The mixture is centrifuged to 
separate the layers and the water layer was analyzed for quat. The above test was 
repeated but in this case the sample was dosed with 1 .00 g of dodecylbenzenesui- 
fonic acid (DDBSA) or 0.90 g of oleic acid (as indicated) before the addition of 
heptane and shaken by hand. These two cases required prolonged centrifugation 
to separate the phases. Again, the water phase was analyzed for quat. The data 
are summarized in Table I below. The quat concentration is expressed in ppm of 
methanolic quat solution. 



TABLE I 



Ex. 


Treatment 


ppm of methanolic quat solution in water 


1 


None 


15.000 


2 


Heptane only 


15,000 


3 


DDBSA 


76 


4 


Oleic acid 


121 
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EXAMPLES 5-6 

[0040] In a second set of tests, a 90 mi sample of the above water, sodium 
chloride and quat solution was dosed with 0.45 g of para-toluenesulfonic acid (p- 
TSA) or 0.74 g of a mixture of naphthenic acids (as indicated). In this test the 
mixture was shaken 1 minute by hand in the absence of heptane. The samples 
were centrifuged. An oil layer separated and remained at the top of the samples. 
The slightly hazy water layer was removed. The water layer was washed with 10 ml 
of heptane and again centrifuged. The clear water layer was analyzed for quat. The 
data are summarized in Table II below. 



TABLE II 



Ex. 


Treatment 


ppm of methanolic quat solution in water 


5 


p-TSA 


178 


6 


Naphthenic acids 


92 



EXAMPLES 7-8 

[0041] In a third set of tests, a brine solution comprising 84 g of water and 1 6 g of 
sodium chloride was dosed with 1 .52 g of the above quat solution. In this case, the 
quat separates to some extent from the brine on standing and was used immedi- 
ately in the next step as a suspension. A 90 ml sample of this suspension was 
dosed with 0.45 g of p-TSA or 0.74 g of a mixture of naphthenic acids (as indi- 
cated). The samples were treated as above and analyzed for quat. The data are 
summarized in Table ill below. 



TABLE III 



Ex. 


Treatment 


ppm of methanolic quat solution in water 


7 


p-TSA 


88 


8 


Naphthenic acids 


none detected 
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EXAMPLES 9-10 

[0042] In a fourth set of tests, a suspension of water, sodium diloride and quat 
solution similar to that in the third set of tests (Examples 7-8), was contacted with 4 
times its volume of a crude oil from the Gulf of Mexico. The water layer was sepa- 
rated and analyzed for quat. A 90 ml sample of the crude oil contacted water layer 
was then contacted with about 0.03 g of naphthenic acid. The sample was ex- 
tracted with heptane and analyzed for quat. The data are summarized in Table IV 
below. 



TABLE IV 



Ex. 


Treatment 


ppm of methanolic quat sdution in water 


7 


Cmde oil 


500 


8 


Crude oil + naphthenic acids 


90 



EXAMPLES 11-13 

[0043] In a fifth set of tests, the toxicity of water samples similar to those in the 
fourth set of tests toward marine mysid shrimp was evaluated. Mysid shrimp were 
raised in environments containing untreated water (control group) or with water 
containing 3% water from Examples 7-8 treated only with crude oil (cmde oil only) 
or with water containing 3% water from Examples 7-8 treated with caide oil and 
naphthenic acids. After 48 hours, the percent survival rates for the mysid shrimp 
are shown in Table V. 



TABLE V 



Ex. 


Treatment 


Percent Mysid Shrimp Survival 


11 


Control 


100 


12 


Crude oil only 


40 


13 


Cmde oil + naphthenic acids 


100 
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[0044] The advantages of the Invention over the prior art include the fact that the 
invention does not Involve the use of solids sudi as clay or lignosulfonates, which 
gives an advantage in handling the additive. Another advantage is that spent solids 
do not need to be removed and disposed of. An additional advantage is that 
significantly higher levels of onium compounds in aqueous solution are treated than 
In the prior art. A further advantage Is that the inventive method prefers the 
presence of an organic or non-aqueous phase, which tends to enhance the 
separation of the onium compound out of the water. The prior art generally does 
not address actual physical separation of the onium compound (e.g. quat) from the 
aqueous phase when treated with anionic compounds. It will appredated that 
once the onium compound is In the non-aqueous phase that separation may be 
accomplished by any well known or yet to be developed technique including, but 
not necessarily limited to centrifugation, gravity settling, cyclone treater, forced air 
flotation or separation. 

[0045] Many modifications may be made In the present Invention without 
departing from the spirit and scope thereof that are defined only by the appended 
claims. For example, certain components perse, or c»mbinatlons of onlum 
compounds and additives thereof other than those specifically set out herein may 
be found by one of routine skill in the art to be particularly advantageous. 
Additionally, certain proportions of additives or combinations thereof may give 
particular efficacy. 
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